Introduction:
or through electroporation with an electrical current [4] . Yet, despite the wide use of these scratch wound assays, most of the analysis are limited to the visual observation of a series of microphotographs [2] , measurements are generally performed manually, and in the few cases where image processing is used, it requires the images to have a high density of cells [5] , well defined borders [6] , vertically-oriented straight boundaries [7] , or a second fluorescent image [8, 9] . This work presents a robust algorithm to measure the distances between the boundaries that define the edges of a monolayer of migrating vascular endothelial cells in the scratch wound assay. The algorithm uses frequency filtering and mathematical morphology to define an estimate of the boundaries of the cells even in cases with few and sparse cells and there is no user intervention.
Algorithm:
The segmentation algorithm consisted of the following steps: frequency filtering and thresholding, morphological operations, approximation of boundaries and calculation of distances. First, the image was high pass filtered in the Fourier domain to remove the slowly varying intensity inhomogeneities, then a Local Energy Function (low pass filter) was applied.
A suitable threshold to segment cells from background was crucial, so the histograms of quad trees (QT) [10] of different levels (3-6) were obtained. QT were formed by averaging the intensities of 4 neighbouring pixels of a lower level into the intensity of a new pixel at a higher level of the QT. The effect of the QT was to concentrate the intensity of different classes, at the expense of the spatial resolution. The threshold for each level of the QT was calculated with Otsu's method [11] and the minimum was selected to produce a binary image. Since there were posterior steps to deal with noise, it was preferred to use a lower level for thresholding, which would capture some noise, than a higher value that would miss some cells.
Next, a series of morphological operators were applied to consolidate the regions. Mathematical morphology [12] considers binary images as point sets.
For example, a binary image with a series of black and white pixels can be and dilation (also known as growing, filling or expanding), which erode or enlarge the boundaries of the binary objects contained in the image to which the operator is being applied. Erosion (X B) and dilation (X B) cannot be Finally, for each point in a boundary, the distances to all the points in the opposite boundary were calculated and the minimum of this set was selected and assigned to that point. The average distance between the boundaries was the mean of the distances assigned to each point in both boundaries.
The results were validated manually. For each image, the boundaries were estimated visually and 5 distance measurements were hand-traced using 
Results:
The algorithm was tested on 23 preparations imaged at two time points, one at the time of the scratch and another one 6 hours later. For the 46 images the algorithm calculated correctly the boundaries of the regions. 
Conclusion:
The algorithm accurately detected cellular regions in the scratch wound assays through the spatial variation of high frequencies in the images and 
